Sertraline (Zoloft, Pfizer Inc, New York, New York) is a selective serotonin reuptake inhibitor (SSRI) with multiple indications, including major depressive disorder and multiple anxiety‐spectrum disorders.[1](#cpdd749-bib-0001){ref-type="ref"} The drug undergoes extensive first‐pass metabolism, primarily N‐demethylation, via multiple cytochrome P450 (CYP) isozymes (2C9, 3A4, 2C19, 2D6, and 2B6).[2](#cpdd749-bib-0002){ref-type="ref"}, [3](#cpdd749-bib-0003){ref-type="ref"} Sertraline and its principal metabolite N‐desmethylsertraline subsequently undergo oxidative deamination, hydroxylation, and glucuronide conjugation.[2](#cpdd749-bib-0002){ref-type="ref"} Based on its lack of effect on extracellular 5‐HT levels compared with sertraline, N‐desmethylsertraline is unlikely to contribute significantly to the blockade of central serotonin reuptake and is thought to play a negligible role in clinical activity.[4](#cpdd749-bib-0004){ref-type="ref"} The elimination half‐life of sertraline and N‐desmethylsertraline is 26 hours and 62 to 104 hours, respectively.[5](#cpdd749-bib-0005){ref-type="ref"}, [6](#cpdd749-bib-0006){ref-type="ref"} Sertraline has potential for drug‐drug interaction with drugs metabolized by CYP2D6, for which it is a weak to moderate inhibitor; additionally, sertraline is a weak inhibitor of CYP1A2, CYP2C9, CYP2C19, and CYPBA4.[7](#cpdd749-bib-0007){ref-type="ref"} There is also potential for drug‐drug interaction involving P‐glycoprotein, as sertraline is both a possible substrate of P‐glycoprotein and a potent inhibitor of its function.[8](#cpdd749-bib-0008){ref-type="ref"}, [9](#cpdd749-bib-0009){ref-type="ref"}

The maximum recommended sertraline dose for US adult patients is 200 mg/day.[1](#cpdd749-bib-0001){ref-type="ref"} Sertraline is considered generally safe and well tolerated, and the benefit‐risk profile is well known.[10](#cpdd749-bib-0010){ref-type="ref"} Preclinical data, however, suggest a potential dose‐dependent risk of QT interval prolongation after sertraline administration. Sertraline acts on multiple voltage‐dependent channels (Na^+^, Ca^2+^, and K^+^ channels) including Kv1.5 and human Ether‐à‐go‐go--related gene (hERG) cardiac ion channels; the activity of N‐desmethylsertraline at these channels has not been examined.[11](#cpdd749-bib-0011){ref-type="ref"}, [12](#cpdd749-bib-0012){ref-type="ref"}, [13](#cpdd749-bib-0013){ref-type="ref"}, [14](#cpdd749-bib-0014){ref-type="ref"}, [15](#cpdd749-bib-0015){ref-type="ref"}, [16](#cpdd749-bib-0016){ref-type="ref"} Sertraline induced voltage‐dependent inhibition of Kv1.5 expressed in Chinese hamster ovary cells[15](#cpdd749-bib-0015){ref-type="ref"} and inhibited delayed rectifier potassium current associated with hERG cardiac K^+^channels expressed in human embryonic kidney 293 cells by 8% to 86% in a concentration‐dependent manner (1‐30 µM).[16](#cpdd749-bib-0016){ref-type="ref"} Although not a direct relationship, reduction of delayed rectifier potassium/hERG current is considered a surrogate marker of delayed cardiac repolarization.[17](#cpdd749-bib-0017){ref-type="ref"} No significant effect of sertraline on QTc was observed in a population‐based cohort study comparing SSRI‐treated adults with untreated individuals or in either of 2 retrospective analyses of electrocardiogram (ECG) records.[18](#cpdd749-bib-0018){ref-type="ref"}, [19](#cpdd749-bib-0019){ref-type="ref"}, [20](#cpdd749-bib-0020){ref-type="ref"} Nonetheless, pharmacovigilance assessments indicate that QTc prolongation may occur after ingestion of suprathreshold sertraline doses.[21](#cpdd749-bib-0021){ref-type="ref"}

Although no clinically significant effects of sertraline on QTc prolongation have been identified to date, no thorough QTc (TQTc) study for sertraline has been reported. We therefore conducted a phase 1, single‐center, randomized, double‐blind, placebo‐ and moxifloxacin‐controlled, 3‐period, 6‐sequence, 3‐treatment (sertraline and placebo blinded; moxifloxacin open label), 3‐way crossover TQTc study examining the effects of sertraline on cardiac repolarization in healthy subjects to satisfy a regulatory commitment. Because sertraline and N‐desmethylsertraline have prolonged terminal half‐lives,[5](#cpdd749-bib-0005){ref-type="ref"}, [6](#cpdd749-bib-0006){ref-type="ref"} and a supratherapeutic sertraline dose is assessed, a unique study design was developed for this investigation in accordance with the US Food and Drug Administration guidelines for conducting TQTc studies.[22](#cpdd749-bib-0022){ref-type="ref"} The study included a slow escalation of sertraline dose over a 2‐week period to achieve a supratherapeutic dose and steady‐state concentrations, with a washout period of at least 2 weeks between successive treatment periods. The study objective was to assess the effect of a supratherapeutic dose of sertraline on QT interval relative to time‐matched placebo in healthy subjects.

Methods {#cpdd749-sec-0020}
=======

The study protocol was reviewed and approved by the study site\'s Independent Ethics Committee (Comite d\'Ethique Hospitalo Facultaire Saint‐Luc--UCL, Brussels, Belgium). The study was conducted in compliance with the ethical principles originating in or derived from the Declaration of Helsinki and in compliance with all International Conference on Harmonisation Good Clinical Practice Guidelines and local regulatory requirements protecting the safety of study participants. All subjects provided written informed consent before screening.

Study Design and Subjects {#cpdd749-sec-0030}
-------------------------

This 3‐period, 6‐sequence, 3‐treatment, randomized, double‐blind, steady‐state, crossover study was conducted at a single center (Pfizer Clinical Research Unit, Erasme Hospital) in Brussels, Belgium, between January and September 2016. Study treatments were double‐blind sertraline 400 mg/day and placebo, and open‐label moxifloxacin 400 mg (Avelox, Bayer HealthCare Pharmaceuticals Inc, Whippany, New Jersey), administered in a randomized sequence in study period 1, 2, or 3 with a washout period of ≥14 days after each treatment. Each study period included a 17‐night inpatient stay. Participants were discharged from the study site on day 17 (or at early termination).

A supratherapeutic dose of 400 mg/day was used to adequately assess potential QTc prolongation following sertraline administration on day 14. Dose selection for this study balanced the need to assess plasma concentrations higher than those achieved with therapeutic doses, in accordance with US Food and Drug Administration guidance, with safety and tolerability. Sertraline 400 mg/day is the maximum tolerated dose; nausea and vomiting are among the most common adverse events, with greater rates of occurrence at higher doses (200 and 400 mg/day).[23](#cpdd749-bib-0023){ref-type="ref"} The 400‐mg/day dose was expected to produce plasma sertraline concentrations in excess of those resulting from the recommended therapeutic dose range. In an unpublished single‐ and multiple‐dose study of sertraline 200 mg/day or 400 mg/day in healthy subjects (Pfizer Inc, data on file), the mean maximum plasma concentration (C~max~) for sertraline at the 400‐mg/day dose on day 14 (282 ng/mL; range, 161‐500 ng/mL) was approximately 3 times the C~max~ for the maximum approved therapeutic dose of 200 mg/day (mean C~max~, 86.1 ng/mL) and exceeded the maximum C~max~ observed for that dose (range, 27‐165 ng/mL). Hepatic impairment has been associated with a reduced rate of sertraline clearance and a 1.7‐fold increase in exposure.[24](#cpdd749-bib-0024){ref-type="ref"} However, a dosage reduction (50 mg/day) or increased dosing interval is recommended for patients with mild hepatic impairment, and sertraline is not recommended for those with moderate or severe impairment.[25](#cpdd749-bib-0025){ref-type="ref"}, [26](#cpdd749-bib-0026){ref-type="ref"}

Dose escalation from a recommended starting dose of 50 mg was used to achieve the supratherapeutic sertraline 400‐mg/day dose by day 14 so that subjects could tolerate the study treatment while minimizing nausea and vomiting. The study design therefore included a double‐blind dose titration for sertraline to supratherapeutic doses. The sertraline dose was titrated on days 1 to 7, starting with a single dose of 50 mg on day 1 followed by twice‐daily (BID, given approximately 12 hours apart) escalating doses of sertraline administered on days 2 through 6 (Table [1](#cpdd749-tbl-0001){ref-type="table"}). On days 7 to 13, subjects received sertraline 400 mg/day (administered 200 mg BID). On day 14, subjects received only the morning dose of sertraline 200 mg/day, after which the day 14 assessments were completed. The evening dose was not administered on day 14. A single dose of moxifloxacin 400 mg was administered open label on day 14 preceded by double‐blinded placebo, which matched the dosing schema for sertraline titration from day 1 to day 13. Moxifloxacin was used to confirm assay sensitivity, as it is typically associated with a peak increase in QTc of 8 to 15 milliseconds occurring between 1 and 3 hours after single‐dose administration.[22](#cpdd749-bib-0022){ref-type="ref"}, [27](#cpdd749-bib-0027){ref-type="ref"} Placebo was administered on days 1 to 14, according to the sertraline dose‐titration scheme.

###### 

Sertraline Dosing Schema

+-------------------------------------------------+------------------------------+-------------------------+
|                                                 | Double‐Blind Sertraline Dose |                         |
+:================================================+:=============================+:========================+
| 1                                               | 50 mg QD                     |                         |
+-------------------------------------------------+------------------------------+-------------------------+
| 2                                               | 100 mg                       | 50 mg BID               |
+-------------------------------------------------+------------------------------+-------------------------+
| 3                                               | 150 mg                       | 50 mg [am]{.smallcaps}  |
|                                                 |                              |                         |
|                                                 |                              | 100 mg [pm]{.smallcaps} |
+-------------------------------------------------+------------------------------+-------------------------+
| 4‐5                                             | 200 mg                       | 100 mg BID              |
+-------------------------------------------------+------------------------------+-------------------------+
| 6                                               | 300 mg                       | 100 mg [am]{.smallcaps} |
|                                                 |                              |                         |
|                                                 |                              | 200 mg [pm]{.smallcaps} |
+-------------------------------------------------+------------------------------+-------------------------+
| 7‐14[a](#cpdd749-tbl1-note-0002){ref-type="fn"} | 400 mg                       | 200 mg BID              |
+-------------------------------------------------+------------------------------+-------------------------+

BID, twice a day; QD, once daily.

On day 14, only the morning dose of 200 mg was administered, and no evening dose was administered.

John Wiley & Sons, Ltd.

The study enrolled healthy adult subjects aged 18 to 55 years. Eligible subjects had a body mass index between 17.5 and 30.5 kg/m^2^, inclusive, and a total body weight \>50 kg. Excluded from the study were subjects with evidence or history of clinically significant disease, including drug allergies; other severe, acute, or chronic medical or psychiatric conditions; laboratory abnormalities that might increase the risk associated with study participation; or abnormalities in clinical laboratory tests at screening. Also excluded were those deemed by the investigator to be at significant risk of suicidal or violent behavior. Subjects were excluded if they had a history of sensitivity to sertraline, SSRIs, moxifloxacin, quinolones, or heparin; if they had had heparin‐induced thrombocytopenia or a positive urine drug screen; or if they had any condition possibly affecting drug absorption. Subjects were also excluded if their screening supine systolic blood pressure was ≥140 mm Hg or diastolic blood pressure was ≥90 mm Hg; if they had a history of known QT interval prolongation or ECG abnormalities; if they had a self‐reported history of sick sinus syndrome; if they had first‐, second‐, or third‐degree atrioventricular block, myocardial infarction, pulmonary congestion, cardiac arrhythmia, conduction abnormalities, or any other clinically significant cardiovascular disease history; or if they had a QT interval \>450 milliseconds or a QRS interval \>120 milliseconds at screening.

Individuals were not enrolled if they had taken sertraline or moxifloxacin within 30 days, herbal supplements or hormone replacement therapy within 28 days, or nonprescription drugs and dietary supplements within 7 days (with the exception of acetaminophen/paracetamol, \<1 g/day) before the first dose of study drug. They were not enrolled if they had used tobacco‐ or nicotine‐containing products in excess of the equivalent of 5 cigarettes per day, or if they had a history of regular alcohol consumption exceeding 14 drinks/week for females or 21 drinks/week for males within 6 months of screening. Individuals who had donated blood (≥500 mL, excluding plasma donations) within 56 days before dosing were excluded. Women of childbearing potential and men able to father children were required to use ≥1 highly effective method of contraception for the duration of the study and for ≥28 days after the last study dose.

Pharmacokinetics {#cpdd749-sec-0040}
----------------

In each study period, blood samples (4 mL) for pharmacokinetic (PK) analysis were collected into sodium heparin‐treated tubes before dosing and 1, 2, 3, 4, 5, 6, 8, 12, and 24 hours after single‐dose administration (day 1), and before dosing and 1, 2, 3, 4, 5, 6, 8, 12, 24, 48, and 72 hours after dosing following multiple dosing (day 14). Blood samples were centrifuged at 1700 × *g* for 10 minutes at 4°C and plasma was separated; plasma samples were stored at approximately −70°C within 1 hour of collection and shipped to Covance Inc (West Trenton, New Jersey) for analysis.

Plasma samples were assayed for sertraline hydrochloride (HCl) and N‐desmethylsertraline HCl using a validated liquid chromatography--tandem mass spectrometric method. According to the study protocol, moxifloxacin plasma concentrations were to be determined only if a positive signal for QTc prolongation was not observed; plasma samples for moxifloxacin assay were to be held until notification by the clinical team. The analytes were extracted from plasma using a protein precipitation procedure in a 96‐well format. Briefly, plasma samples (100 µL) were fortified with 100 µL of working solution containing internal standards, sertraline‐D~3~ HCl (25.0 ng/mL in methanol:water, 50:50) and N‐desmethylsertraline ^13^C~6~ HCl (50.0 ng/mL in methanol:water, 50:50) followed by the addition of 500 µL of 1% formic acid in acetonitrile. The samples were vortexed and centrifuged and the supernatant (500 µL) dried under heated nitrogen and then reconstituted with 200 µL methanol:water, 50:50. A 5‐ to 50‐µL aliquot of extract was injected into an API 4000 MDS Sciex (Thornhill, Ontario, Canada) with a TurboIonSpray source and set up with a Phenomenex, Gemini C6‐Phenyl, 2.1 × 50 mm, 5‐µm column (Torrance, California). The mobile phase consisted of methanol in water plus 0.2% tetrahydrofuran using a gradient program and a flow rate of 0.300 mL/min. The mass spectrometer was operated in multiple reaction monitoring mode and the transitions monitored were m/z 306.2→159.2 (sertraline HCl), m/z 309.2→159.2 (sertraline‐D~3~ HCl), m/z 292.2→159.2 (N‐desmethylsertraline HCl), m/z 300.2→161.2 (N‐desmethylsertraline ^13^C~6~ HCl).

The peak area ratios of analytes and internal standards were determined using Analyst Version 1.6.1 (AB Sciex, Framingham, Massachusetts), and sertraline and N‐desmethylsertraline concentrations were calculated by Watson LIMS Version 7.4.2 (Thermo Electron Corp, Bellefonte, Pennsylvania). Calibration standard responses were linear over the range of 0.500 to 250 ng/mL using a weighted (1/concentration^2^) linear least squares (LS) regression. Samples with concentrations above the upper limit of quantification were diluted into calibration range. The lower limit of quantification for sertraline and N‐desmethylsertraline was 0.500 ng/mL; concentrations below that limit were reported as below lower limit of quantification. The concentrations of the quality control samples were 1.50, 15.0, 100, 200 and 1000 (diluted quality control) ng/mL for sertraline and N‐desmethylsertraline. The between‐day assay accuracy (expressed as percent relative error) of the quality control samples used during sample analysis ranged from −3.5% to 0.0% for sertraline and −1.6% to 0.7% for N‐desmethylsertraline, and the between‐day precision (expressed as the percent coefficient of variation) was ≤4.5% for sertraline and ≤9.3% for N‐desmethylsertraline. Incurred sample reproducibility for sertraline and N‐desmethylsertraline was tested on at least 10% of the study samples, and results met the acceptance criteria; there were 97.4% samples that had a percent difference, relative to the average of the original value and the reassayed value, within ±20%.

PK parameters were calculated using validated, internal Pfizer electronic noncompartmental analysis software (eNCA, Version 2.2.4). Concentrations below the lower limit of quantitation were set to 0 for analysis. Following single‐ and multiple‐dose sertraline administration, C~max~ and time of C~max~ (t~max~) were observed directly from data; area under the plasma concentration--time curve from time 0 to 24 hours after dosing (AUC~24~) and from time 0 to the time of the last quantifiable concentration (AUC~last~; multiple‐dose only) were determined using the log/linear trapezoidal method. For multiple‐dose administration, plasma terminal elimination half‐lifewas calculated as log~e~(2)/k~el~, where k~el~ is the terminal phase rate constant calculated by a linear regression of the log‐linear concentration‐time curve. Minimum plasma concentration over the 0‐ to 24‐hour period after the last dose (C~min~) was observed directly from the data, and R~ac~ and R~ac,Cmax~ were calculated as the observed accumulation ratios for AUC~24~ and C~max~, respectively. Metabolite‐to‐parent ratio for AUC~24~ was the ratio of N‐desmethylsertraline AUC~24~ to sertraline AUC~24~, corrected for molecular weight.

Electrocardiogram {#cpdd749-sec-0050}
-----------------

Subjects rested quietly for ≥10 minutes and abstained from fluids for approximately 0.5 hour prior to any ECG measurement. Twelve‐lead ECGs were obtained with the patient in a supine position. On days 1 and 14 of each study period, ECGs were collected in triplicate approximately 2 minutes apart before dosing (−1, −0.5, and 0 hours) and at 1, 2, 3, 4, 5, 6, 8, 12, and 24 hours after single‐dose administration (day 1), and before dosing (0 hours) and at 1, 2, 3, 4, 5, 6, 8, 12, 24, 48, and 72 hours after dosing following multiple dosing (day 14). For each period, the average of the day 1 predose triplicate ECGs collected in that period served as the subject\'s baseline QTc value. QT, PR, QRS, and RR intervals and heart rate were collected from the ECGs. QT was corrected for heart rate using Fridericia\'s correction (QTcF), Bazett\'s correction (QTcB), and the individual QT correction method. QTcF was determined to be sufficient to evaluate effect of sertraline on QTc based on an assessment of scatter plots comparing predose QT and RR data; therefore, results for QTcF are reported. If the QTc interval was increased ≥45 milliseconds from baseline, or if an absolute QTc value was ≥500 milliseconds, 2 additional ECGs were taken to confirm the original measurement. If any repeated ECGs continued to show prolonged QTc at or above those thresholds, then hourly ECGs were obtained until 2 successive ECGs fell below the threshold. If QTc values remained above threshold levels for \>4 hours, or became progressively longer, the subject underwent continuous ECG monitoring. If QTc intervals did not return to \<500 milliseconds (or to \<45 milliseconds above the baseline) after 8 hours, a cardiologist was to be consulted.

ECG measurements on day 14 up to 24 hours were used for the primary analysis of postdose QTcF intervals. All ECG data, collected on days 1 and 14, were used for PK/pharmacodynamic (PD) analysis.

Pharmacokinetic/Pharmacodynamic Analysis {#cpdd749-sec-0060}
----------------------------------------

The PK/PD data set included data from 54 subjects and provided 1066 sertraline‐QTcF pairs (1050 QTcF records on placebo treatment). PK samples reported as below the limit of quantitation (n = 80) were set to zero; 52 samples reported as below the limit of quantitation were predose samples, 27 were collected at initial time points, 1 or 2 hours after dosing, and 1 record on day 1 postdose. A total of 10 records were excluded due to missing concentrations or ECG measurements.

Before conducting model‐based analysis, graphical assessments were conducted to assess key assumptions about the relationship between plasma sertraline and N‐desmethylsertraline concentration and QTc interval data, including drug effect on heart rate, the potential effect of drug treatment on the QT‐RR interval relationship, lag between parent‐drug concentration and change in QTc interval, and shape of the response curve (linear vs nonlinear). The relationship between QTc interval and plasma sertraline/N‐desmethylsertraline concentration was examined using linear mixed‐effect modeling with an unstructured random effects covariance matrix, implemented in R Version 3.2.2 (<http://www.R-project.org>) using the lme function in nlme package version 3.1‐128 and restricted maximum likelihood estimation. The dependent variable was defined as baseline corrected QTcF (∆QTcF), and its relationship with plasma concentrations of sertraline/N‐desmethylsertraline was modeled using the following linear mixed‐effect model: $$\begin{array}{ccl}
{\Delta QTc_{ijk}} & = & {({\mu + TRT_{j} + t_{k} + \eta_{\mu,i}})} \\
 & & {+ \,\theta_{0}{({B_{QTc,i} - \overline{B}})} + {({\theta_{1} + \eta_{C,i}})}C_{ijk} + \varepsilon_{ijk}} \\
\end{array}$$where *i* is the *i*th subject, *j* is the *j*th treatment, *k* is the *k*th time point relative to dosing, μ is the intercept, *TRT* is the *j*th treatment effect, t~k~ is the *k*th time effect, *B~QTc,i~* is the baseline QTc for the *i*th subject for the *j*th treatment, $\overline{B}$ is the population mean baseline QTc, *C~ijk~* is the concentration at the *k*th time point for treatment *j* for subject *i*. The intercept was treatment‐specific for each subject. *η~μ,I~* and *η~C,I~* were the subject‐specific random effects for the intercept and slope, respectively, having mean \[0, 0\] and unstructured covariance. ε are independent residuals with mean 0 and variance σ^2^.

Sertraline and N‐desmethylsertraline concentrations were modeled separately using the ∆QTc values from individual ECG measurements at each time point. Visual and statistical metrics were used to evaluate goodness of fit. PK/PD hysteresis between placebo‐corrected ΔQTcF (ΔΔQTcF) and sertraline/N‐desmethylsertraline plasma concentrations was evaluated graphically.

Safety Assessments {#cpdd749-sec-0070}
------------------

Adverse events (AEs), classified using the *Medical Dictionary for Regulatory Activities*, version 19.0, were collected throughout the study. Serious AEs (SAEs) were defined as AEs that resulted in death or immediate risk of death, inpatient hospitalization or prolongation of existing hospitalization, or congenital anomaly/birth defect. Laboratory evaluations, including hematology, chemistry, and urinalysis, were performed at screening, baseline, and days 7, 14, and 17 (or early termination). Liver function tests were conducted when deemed necessary by the investigator, based on clinical sign/symptom presentation in a subject. Physical examinations were performed at baseline and day 17 (or early termination); vital sign measurements were taken on days 1, 2, and 17 (or early termination); and suicide assessments (Columbia Suicide Severity Rating Scale) were administered at baseline, day 14, and day 17 (or early termination).

Statistical Analysis {#cpdd749-sec-0080}
--------------------

Assuming that the expected mean difference between sertraline and placebo was ≤5 milliseconds at each time point and that intrasubject variability was 5.36 milliseconds, a sample size of 42 subjects (7 per treatment sequence) provided ≥99% power to exclude that the upper bound of a 2‐sided 90% confidence interval (CI) of time‐matched difference between sertraline and placebo was \>10 milliseconds at each time point.

The effect of sertraline versus placebo administration on postdose QTcF was evaluated in accordance with the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) E14 guidance.[22](#cpdd749-bib-0022){ref-type="ref"} An analysis of covariance was performed using a mixed‐effect model with sequence, study period, treatment, time, and treatment‐by‐time interaction as fixed effects; subject within sequence as a random effect; and baseline QTcF as a covariate. A 2‐sided 90%CI (equivalent to a 1‐sided 95%CI) for the LS mean difference in QTcF between sertraline and placebo was computed for each postdose time point. The 90%CIs were compared with a predefined significance threshold of 10 milliseconds; a lack of effect of sertraline was to be concluded if the upper bound of the CIs for mean differences between sertraline and placebo fell below the 10‐millisecond threshold at each time point. In accordance with the ICH E14 guidance,[22](#cpdd749-bib-0022){ref-type="ref"} assay sensitivity was confirmed if the lower bound of a 2‐sided 90%CI for the mean difference between moxifloxacin and placebo was \>5 milliseconds at 3 hours after dosing (population t~max~ for moxifloxacin[28](#cpdd749-bib-0028){ref-type="ref"}). Additionally, change from baseline QTcF, QTcB, uncorrected QT, PR, QRS, and heart rate were calculated for each subject and treatment at each time point.

Sertraline and metabolite PK parameters were summarized descriptively by treatment and day. For each time point, the mean of the triplicate QTc values was used.

Safety data were summarized during the study to assess ongoing subject safety. AEs and treatment‐emergent AEs (TEAEs) were summarized descriptively by treatment and severity; SAEs and discontinuations due to AEs were summarized by treatment. For vital sign measurements, baseline values and change from baseline were summarized using descriptive statistics.

Results {#cpdd749-sec-0090}
=======

Subjects {#cpdd749-sec-0100}
--------

A total of 54 subjects were enrolled in the study. The ECG analysis population included subjects who received treatment in all 3 treatment periods (sertraline, n = 52; moxifloxacin, n = 50; placebo, n = 50); sertraline, moxifloxacin, and placebo treatment periods were completed by 47, 49, and 47 subjects, respectively. Nine subjects discontinued during the double‐blind period (5 subjects while receiving sertraline, 1 subject while receiving moxifloxacin, and 3 subjects while receiving placebo treatments). Subjects ranged in age from 20 to 54 years; 80% of subjects were male, and 85% were white (Table [2](#cpdd749-tbl-0002){ref-type="table"}). The subjects' body mass index ranged from 18.1 to 30.5 kg/m^2^.

###### 

Baseline and Demographic Characteristics of Healthy Adult Volunteers

  Characteristic                         Enrolled Population (n = 54)
  ------------------------------------- ------------------------------
  Age, y, mean ± SD                               36.5 ± 9.7
  Sex, n (%)                            
  Male                                             43 (80)
  Female                                           11 (20)
  Race, n (%)                           
  White                                           46 (85.2)
  Black                                            3 (5.6)
  Asian                                            1 (1.9)
  Other                                            4 (7.4)
  Height, cm, mean ± SD                          173.3 ± 7.6
  Weight, kg, mean ± SD                          74.4 ± 10.3
  Body mass index, kg/m^2^, mean ± SD             24.8 ± 3.0

SD, standard deviation.

John Wiley & Sons, Ltd.

Pharmacokinetics {#cpdd749-sec-0110}
----------------

Mean (standard deviation) plasma sertraline and N‐desmethylsertraline concentration‐time profiles for a single 50‐mg dose (day 1) and multiple dose (400 mg/day, administered as 200 mg BID) administration (day 14) are shown in Figure [1](#cpdd749-fig-0001){ref-type="fig"}. Geometric mean sertraline C~max~ was 11.4 ng/mL and 234.2 ng/mL for the 50 mg and 400 mg/day doses, respectively, and was achieved at 5.06 hours and 7.15 hours after dosing on days 1 and 14, respectively. N‐desmethylsertraline C~max~ was reached at 12.0 and 8.0 hours following the 50 mg (day 1) and 400 mg/day doses (day 14), respectively. Mean t~½~ for sertraline following the last dose of 400 mg/day sertraline was approximately 27 hours; t~½~ for N‐desmethylsertraline after dosing on day 14 was not reportable for any subjects due to lack of a well‐characterized terminal phase given the 72‐hour sampling employed in this study. Sertraline and N‐desmethylsertraline PK values for the 50‐mg and 400‐mg/day doses are summarized in Table [3](#cpdd749-tbl-0003){ref-type="table"}.

![Mean (standard deviation \[SD\]) plasma (A) sertraline and (B) N‐desmethylsertraline concentration‐time profiles on day 1 (dose = 50 mg) and day 14 (dose = 400 mg/day^a^). ^a^Dosing was 200 mg BID; postdose blood draws for pharmacokinetic analyses were completed after the morning 200‐mg dose, and no further doses were administered.](CPDD-9-307-g001){#cpdd749-fig-0001}

###### 

Descriptive Summary of Plasma Sertraline and N‐desmethylsertraline Pharmacokinetic Parameter Values on Day 1 and Day 14, PK Population

+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Parameter, Units                           | Day 1, 50 mg (Single Dose) n = 52 | Day 14, 400 mg/day[a](#cpdd749-tbl3-note-0002){ref-type="fn"} (Multiple Dose) n = 50[b](#cpdd749-tbl3-note-0003){ref-type="fn"} |
+:===========================================+:=================================:+:===============================================================================================================================:+
| **Sertraline**                             |                                   |                                                                                                                                 |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| C~max~, ng/mL, geometric mean (%CV)        | 11.39 (37)                        | 234.2 (34)                                                                                                                      |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | 12.11 ± 4.3387                    | 246.5 ± 80.561                                                                                                                  |
|                                            |                                   |                                                                                                                                 |
| Range                                      | 4.26‐27.5                         | 94.1‐502                                                                                                                        |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| t~max~, h, median (range)                  | 5.06 (4.02‐8.05)                  | 7.15 (3.00‐8.08)                                                                                                                |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| AUC~24~, ng • h/mL, geometric mean (%CV)   | 154.3 (34)                        | 4388 (36)                                                                                                                       |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | 162.3 ± 50.257                    | 4648 ± 1575.7                                                                                                                   |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| AUC~last~, ng • h/mL, geometric mean (%CV) | NA                                | 8489 (43)                                                                                                                       |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | NA                                | 9194 ± 3724.1                                                                                                                   |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| t~1/2~, h, arithmetic mean ± SD            | NA                                | 26.93 ± 2.71                                                                                                                    |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| C~min~, ng/mL, geometric mean (%CV)        | NA                                | 135.3 (43)                                                                                                                      |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | NA                                | 146.1 ± 57.093                                                                                                                  |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| R~ac~, geometric mean (%CV)                | NA                                | 3.62 (22.79)                                                                                                                    |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | NA                                | 3.71 ± 0.82                                                                                                                     |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| **N‐desmethylsertraline**                  |                                   |                                                                                                                                 |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| C~max~, ng/mL, geometric mean (%CV)        | 4.269 (27)                        | 249.6 (23)                                                                                                                      |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | 4.428 ± 1.3189                    | 255.8 ± 58.383                                                                                                                  |
|                                            |                                   |                                                                                                                                 |
| Range                                      | 2.75‐9.99                         | 134‐438                                                                                                                         |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| t~max~, h, median (range)                  | 12.0 (5.00‐23.9)                  | 8.00 (1.07‐12.1)                                                                                                                |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| AUC~24~, ng • h/mL, geometric mean (%CV)   | 76.87 (24)                        | 5227 (22)                                                                                                                       |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | 79.03 ± 19.199                    | 5342 ± 1109.5                                                                                                                   |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| AUC~last~, ng • h/mL, geometric mean (%CV) | NA                                | 13110 (25)                                                                                                                      |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | NA                                | 13500 ± 3225.2                                                                                                                  |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| t~1/2~, h, arithmetic mean ± SD            | NA                                | NC                                                                                                                              |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| C~min~, ng/mL, geometric mean (%CV)        | NA                                | 184.1 (23)                                                                                                                      |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | NA                                | 188.4 ± 39.567                                                                                                                  |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| MR, geometric mean (%CV)                   | 0.5222 (34)                       | 1.248 (24)                                                                                                                      |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+
| Arithmetic mean ± SD                       | 0.5493 ± 0.17427                  | 1.283 ± 0.30751                                                                                                                 |
+--------------------------------------------+-----------------------------------+---------------------------------------------------------------------------------------------------------------------------------+

AUC~24~, area under the plasma concentration--time curve from time 0 to 24 hours; AUC~last~, area under the plasma concentration--time curve to the last quantifiable concentration; C~max~, maximum plasma concentration; C~min~, minimum observed plasma concentration during the dosing interval; %CV, percent coefficients of variation; MR, metabolite‐to‐parent ratio; NA, not applicable; NC, not calculated; R~ac~, observed accumulation ratio of AUC; R~ac~,~Cmax~, observed accumulation ratio for C~max~; t~1/2~, plasma terminal elimination half‐life; t~max~, time to reach maximum plasma concentration.

Dosing was 200 mg BID; postdose blood draws for pharmacokinetic analyses were completed after the morning 200‐mg dose on day 14; no further doses were administered.

N = 49 for all AUC parameters, C~min~, and R~ac~ due to an incomplete profile for 1 subject; number of subjects with reportable sertraline t~½~ was 23.

John Wiley & Sons, Ltd.

Electrocardiography {#cpdd749-sec-0120}
-------------------

Mean placebo‐corrected heart rate for 400‐mg/day sertraline and 400‐mg moxifloxacin on day 14 are shown in [Figure S1](#cpdd749-supl-0001){ref-type="supplementary-material"}. Based on observed predose QT and RR data, the QTcF for heart rate was determined to be sufficient to evaluate effect of sertraline on QTc. No significant period or sequence effect was observed. Mean (standard deviation) day 1 predose (time 0) QTcF values were 414.7 (16.79) milliseconds for the sertraline treatment period, 413.3 (17.30) milliseconds for the moxifloxacin treatment period, and 414.5 (16.51) milliseconds for the placebo treatment period. On day 14, predose (time 0) QTcF values were 414.9 (14.89) milliseconds for the sertraline treatment period, 407.6 (15.20) milliseconds for the moxifloxacin treatment period, and 407.2 (16.85) milliseconds for the placebo treatment period. Figure [2](#cpdd749-fig-0002){ref-type="fig"} shows the LS mean difference in QTcF after supratherapeutic sertraline (400 mg/day) versus placebo at each time point after dosing on day 14. In the primary analysis, at the 4‐hour postdose (day 14) time point only, the upper bound of the 90%CI for the LS mean difference in QTcF at the supratherapeutic sertraline 400 mg/day dose vs placebo exceeded the predefined threshold of 10 milliseconds (LS mean = 9.651 milliseconds \[90%CI, 7.635‐11.666\]; Table [4](#cpdd749-tbl-0004){ref-type="table"}). The upper bound of the 90%CI did not exceed the predefined threshold of 10 milliseconds at any of the remaining 8 postdose time points on day 14.

![Least squares mean difference of QTcF (milliseconds) for 400 mg/day^a^ sertraline versus placebo and 400 mg moxifloxacin versus placebo at each time point after dosing on day 14 for the primary ECG analysis population. BID, twice daily; ECG, electrocardiogram; QTcF, QT corrected for heart rate using Fridericia formula. ^a^Dosing was 200 mg BID; postdose blood draws for pharmacokinetic analyses were completed after the morning 200‐mg dose, and no further doses were administered.](CPDD-9-307-g002){#cpdd749-fig-0002}

###### 

Statistical Comparisons of QTcF Between Sertraline and Placebo at Each Time Point After Dosing on Day 14

        Least Squares Mean, ms                    
  ---- ------------------------ --------- ------- --------------
  1            414.299           407.341   6.957   4.942‐8.973
  2            415.625           407.775   7.851   5.835‐9.866
  3            416.465           408.641   7.824   5.808‐9.840
  4            418.252           408.601   9.651   7.635‐11.666
  5            411.285           403.908   7.377   5.362‐9.393
  6            408.985           402.475   6.511   4.495‐8.526
  8            408.732           403.135   5.597   3.582‐7.613
  12           411.019           405.341   5.677   3.662‐7.693
  24           414.294           406.948   7.346   5.331‐9.360

Baseline was defined as the mean of the 3 average triplicate measurements taken at −1 h, −0.5 h, and 0 h before dosing within each period.

John Wiley & Sons, Ltd.

Assay sensitivity was demonstrated according to ICH guidance in the time‐matched comparison of moxifloxacin vs placebo. QTcF increased significantly versus placebo after moxifloxacin administration (Figure [2](#cpdd749-fig-0002){ref-type="fig"}). The lower bound of the 90%CI for the LS mean difference in QTcF for moxifloxacin versus placebo was 9.813 milliseconds at 3 hours after dosing (LS mean difference = 11.831 \[90%CI, 9.813‐13.849\]), which exceed the threshold for assay sensitivity of 5 milliseconds.

In a categorical analysis of maximum postdose QTcF, no participant had an absolute QTcF interval of ≥480 milliseconds or a maximum increase from baseline in QTcF of ≥60 milliseconds after receiving sertraline, moxifloxacin, or placebo. A maximum postdose QTcF interval of 450 milliseconds to \<480 milliseconds was observed in 1 (1.9%) subject after receiving sertraline on day 14, and in 3 (6.0%) subjects each after day 14 dosing of moxifloxacin and placebo. A maximum change from baseline in QTcF interval of ≥30 milliseconds to \<60 milliseconds was observed in a single subject, after receiving moxifloxacin on day 14. No abnormalities in T‐wave morphology were reported in this study.

Pharmacokinetic/Pharmacodynamic Analysis {#cpdd749-sec-0130}
----------------------------------------

The exposure‐response analysis based on separate PK/PD models for sertraline and its active metabolite showed that ∆QTcF values increased with increasing sertraline (*P* \< .0001) and N‐desmethylsertraline (*P* \< .0001) concentrations. In Figure [3](#cpdd749-fig-0003){ref-type="fig"}, ∆QTcF is plotted against individual sertraline and N‐desmethylsertraline plasma concentrations on day 14. The estimated slope of the regression for ∆QTcF versus sertraline plasma concentration was 0.036 ms/ng/mL (90%CI, 0.029‐0.043; *P* \< .0001); for ∆QTcF versus N‐desmethylsertraline plasma concentration, the estimated slope was 0.036 ms/ng/mL (90%CI, 0.029‐0.042; *P* \< .0001). Predicted mean change from baseline QTcF adjusted for placebo (∆ΔQTcF) at mean therapeutic maximum plasma sertraline concentration of 86 ng/mL (Pfizer Inc, data on file) is 3.57 milliseconds (90%CI, 2.92‐4.23), and for a mean supratherapeutic C~max~ of 234 ng/mL on day 14 (current study), predicted mean ∆∆QTcF was 8.93 milliseconds (90%CI, 7.42‐10.45). The upper bound of 2‐sided 90%CI is predicted to cross the threshold of 10 milliseconds for peak plasma sertraline concentrations \>223.5 ng/mL (predicted mean ∆∆QTcF, 8.55 milliseconds \[90% CI, 7.11‐9.99\]). Based on this PK/PD model, plasma sertraline concentration value has to be greater than approximately 2.6 times the mean therapeutic C~max~ (86 ng/mL) for the predicted upper bound of 2‐sided 90%CI to cross the 10‐millisecond threshold.

![Observed and predicted (regression line) change from baseline in QTcF versus sertraline (*P* \< .0001) (A) and N‐desmethylsertraline (*P* \< .0001) (B) plasma concentrations on day 14 after administration of sertraline 400 mg/day.^a^ QTcF, QT corrected for heart rate using Fridericia formula. Open circle represents observed data, solid red line represents regression line, and dotted red line represents 90% confidence interval. ^a^Dosing was 200 mg BID; postdose blood draws for pharmacokinetic analyses were completed after the morning 200‐mg dose, and no further doses were administered.](CPDD-9-307-g003){#cpdd749-fig-0003}

Graphical evaluation of the time course of mean plasma sertraline concentration on day 14 compared with mean placebo‐adjusted QTcF for sertraline indicated PK/PD proteresis (Figure [4](#cpdd749-fig-0004){ref-type="fig"}A). The longest placebo‐adjusted QTc interval was observed at 4 hours after dosing, whereas median t~max~ for sertraline was 7.15 hours. Mean (standard deviation) plasma sertraline concentration was 213.1 (72.835) ng/mL at 4 hours after dosing compared with the C~max~ of 234.2 ng/mL at t~max~. A similar temporal relationship was observed between placebo‐adjusted QTcF and plasma N‐desmethylsertraline concentration on day 14 (Figure [4](#cpdd749-fig-0004){ref-type="fig"}B).

![Overlay plots of time course of mean (A) sertraline and (B) N‐desmethylsertraline concentrations and differences from placebo in QTcF on day 14.](CPDD-9-307-g004){#cpdd749-fig-0004}

Safety {#cpdd749-sec-0140}
------

A total of 52 subjects received ≥1 dose of sertraline, 50 received ≥1 dose of moxifloxacin, and 50 received ≥1 dose of placebo. Of those, 45 reported ≥1 AE during sertraline treatment, 42 reported ≥1 AE during moxifloxacin treatment, and 33 reported ≥1 AE during placebo treatment. A total of 251 TEAEs were reported during sertraline treatment, 238 of which were considered treatment related (moxifloxacin, 105 TEAEs, 92 treatment related; placebo, 121 TEAEs, 106 treatment related). The most common AEs reported after supratherapeutic sertraline administration were headache (18 subjects; moxifloxacin, 11 subjects; placebo, 13 subjects), insomnia (22 subjects; moxifloxacin, 11 subjects; placebo, 6 subjects), and fatigue (17 subjects; moxifloxacin, 7 subjects; placebo, 7 subjects), all of which were considered treatment related.

TEAEs were generally mild (90%) or moderate (10%) in severity. A single severe AE was reported: psychiatric decompensation, reported in a subject receiving sertraline. That AE was reported as an SAE, the patient was withdrawn from the study, and the SAE resolved the same day. No other SAEs were reported during the study. One additional subject discontinued study treatment due to an AE (asthma), also while receiving sertraline treatment. No deaths were reported during the study.

No clinically significant laboratory test results or vital sign changes were observed during the study, and no laboratory or vital sign findings were reported as AEs.

Discussion {#cpdd749-sec-0150}
==========

In this TQTc study, sertraline administered at twice the maximum therapeutic dose (400 mg/day) increased QTcF compared with placebo at 4 hours after dosing in healthy subjects. The upper bound of the 90%CI for the LS mean difference in QTcF for sertraline vs placebo did not exceed the predefined 10‐millisecond significance threshold at any other time points. In this study, the geometric mean C~max~ for sertraline following day 14 administration of the 400‐mg/day dose was approximately 3‐fold higher than the steady‐state C~max~ value observed at the highest approved therapeutic dosing level of 200 mg/day in a previous unpublished multiple‐dose PK study in healthy volunteers.

At plasma sertraline and N‐desmethylsertraline levels achieved with the maximum therapeutic dose of 200 mg/day, predicted QTcF prolongation is 3.57 milliseconds (90%CI, 2.92‐4.23 milliseconds) based on the PK/PD analysis, and does not cross the 10‐millisecond threshold of regulatory concern. Significant QTcF prolongation is expected at plasma sertraline concentrations exceeding 223.5 ng/mL, a value \>2.5 times that of the mean therapeutic C~max~ observed in the previous PK study. It is notable that PK/PD proteresis was observed, such that the greatest QTcF interval preceded peak plasma sertraline and N‐desmethylsertraline concentrations. The proteresis may have been related to the conduct of the study at steady state: the mean plasma drug concentrations at 4 hours were fairly close to C~max~ values seen at 7 hours, and the prolonged high concentrations seen around C~max~ likely influenced the proteresis. There also may be a food effect contribution, as lunch was provided to study subjects approximately 4 hours after morning dosing. A food effect might be expected to reduce QTc interval for up to 4 hours after a carbohydrate‐rich meal,[29](#cpdd749-bib-0029){ref-type="ref"} the time frame during which a sharp decline in QTcF was observed in the current study.

The current results are generally consistent with previously published findings based on ECG recordings in clinical trials of sertraline at therapeutic doses (50‐200 mg/day).[19](#cpdd749-bib-0019){ref-type="ref"}, [30](#cpdd749-bib-0030){ref-type="ref"} No statistically significant increase in QT/QTc interval was observed in an analysis of safety data from 4 amitriptyline‐ and/or placebo‐controlled sertraline trials enrolling patients with major depression (sertraline 50‐200 mg/day; 1 study included a 400‐mg dose arm)[19](#cpdd749-bib-0019){ref-type="ref"} or in a trial enrolling patients with major depression and acute myocardial infarction or unstable angina who were administered sertraline (50‐200 mg/day) or placebo.[30](#cpdd749-bib-0030){ref-type="ref"} A meta‐analysis of study‐level data from those trials reported a mean 3.0‐millisecond (95%CI, 2.95‐3.05) increase in QTc interval for sertraline compared with placebo (*P* \< .0001).[31](#cpdd749-bib-0031){ref-type="ref"} In a prospective, cross‐sectional population‐based study (n = 42), sertraline was associated with a mean QTcF increase of 1.7 milliseconds (90%CI, −3.4 to 6.9).[18](#cpdd749-bib-0018){ref-type="ref"} At suprathreshold doses, however, sertraline has been associated with QTc prolongation. In patients admitted for sertraline overdose (\>200 mg), incidence of QTc interval \>500 ms was 6% (6/103); incidence of QTc interval greater than 440 ms was 40% (41/103).[21](#cpdd749-bib-0021){ref-type="ref"} Incidence of maximum QTcB interval prolongation (males, QTcB \>450 ms; females, QTcB \>460 ms) was 7.9% (3/38) in an analysis of recordings from the Electrocardiogram Vigilance With Electronic Data Warehouse database in which dosing and concomitant medications were unknown.[20](#cpdd749-bib-0020){ref-type="ref"} A case study describing a patient admitted to intensive care after a multiple‐drug overdose including 2250 mg of sertraline, 200 mg of diazepam, and 400 mg of temazepam reported an increase in QTc from 370 milliseconds at admission to 525 milliseconds 1 day later.[32](#cpdd749-bib-0032){ref-type="ref"} QTc normalized after sertraline withdrawal, suggesting that sertraline contributed to the increase in QTc interval.

Although the sertraline exposure‐response model suggests that an increase in QTc interval is not expected to cross the 10‐millisecond threshold at doses ≤200 mg/day, the risk of QTc prolongation could be increased at therapeutic doses if sertraline is administered with other drugs that increase plasma concentrations of sertraline. For example, because sertraline is highly bound to plasma protein (fraction unbound in plasma = 1.34%−1.61%[33](#cpdd749-bib-0033){ref-type="ref"}), concomitant use of another drug that is highly protein bound may increase free plasma concentrations of sertraline to supratherapeutic levels, which could, in turn, increase QTc interval. Alternatively, sertraline could potentially exacerbate an increase in QTc if administered concomitantly with other drugs associated with a risk of QTc prolongation. In a case report, a QTc interval of 826 milliseconds was reported in a patient with mild hypokalemia receiving vorinostat, sertraline, and doxepin, the latter of which is associated with an increased risk for QTc prolongation.[34](#cpdd749-bib-0034){ref-type="ref"} The QTc interval decreased to 559 milliseconds after the patient was discontinued from all 3 drugs, and the authors concluded that none of the drugs on their own were likely to have accounted for the extreme QTc value.

The current sertraline TQTc study was designed in accordance with the ICH E14 guidance for TQTc studies but was also customized to address specific treatment characteristics that were operant: the prolonged half‐life of sertraline and its active metabolite (26 hours and 62‐104 hours, respectively[5](#cpdd749-bib-0005){ref-type="ref"}, [6](#cpdd749-bib-0006){ref-type="ref"}) and the supratherapeutic dose assessed. This study used the highest tolerable dose of sertraline, which necessitated a weeklong, double‐blind titration period to attain the supratherapeutic concentration while minimizing nausea and vomiting. Steady‐state concentration was achieved by administering multiple‐dose sertraline at the target dose for 7 days before ECG recordings were administered starting on day 14.

As the primary metabolite of sertraline, N‐desmethylsertraline was included in this TQTc study, and its extended half‐life was a factor in the study design. Whereas parallel‐group studies might be preferred for drugs with long elimination half‐lives, the crossover design offers the advantage of having subjects serve as their own controls, allowing for smaller numbers of subjects, reducing intersubject variability, and facilitating heart rate correction approaches based on individual subject data. However, the use of a crossover design in this study, coupled with the need to achieve supratherapeutic levels by escalating doses to steady state, necessitated a lengthy washout period (≥2 weeks) between successive treatment periods. A multiple‐dose, TQTc study of indacaterol (half‐life, 45.5‐126 hours) used a parallel‐group design,[35](#cpdd749-bib-0035){ref-type="ref"} whereas several other previous TQTc studies for medications with long half‐lives have used a crossover design with 7‐ to 28‐day washout periods.[36](#cpdd749-bib-0036){ref-type="ref"}, [37](#cpdd749-bib-0037){ref-type="ref"}, [38](#cpdd749-bib-0038){ref-type="ref"} These crossover design studies were single‐dose trials; steady‐state concentrations were not achieved. The impact of a study design that uses such a lengthy study period on observed TQTc results is unclear. In the current study, the preliminary mixed‐effect model fit of QTcF data indicated that period effect was not statistically significant; therefore, a full model with carryover effect was not analyzed. However, it should be noted that there appeared to be a reduction in the QTcF observed for the placebo group over the course of the study period (mean predose QTc: day 1, 414.5 milliseconds vs day 14, 407.2 milliseconds). This trend potentially accentuated the magnitude of the effect of sertraline on QTc interval relative to time‐matched placebo.

Limitations of the current study should be noted. The study enrolled healthy volunteers; results may not generalize to a patient population that includes individuals with underlying conditions or taking medications that could affect cardiac repolarization.

Conclusions {#cpdd749-sec-0160}
===========

This TQTc study achieved a steady‐state supratherapeutic sertraline concentration that is approximately 3‐fold higher than the steady‐state C~max~ value observed at the highest approved therapeutic dosing level of 200 mg/day. In healthy subjects, the upper bound of the 90%CI for the time‐matched LS mean difference in QTcF for sertraline vs placebo exceeded the predefined 10‐millisecond significance threshold at 4 hours after dosing, demonstrating a positive signal for QTc prolongation for sertraline at the steady‐state 400‐mg/day dose.
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